The microsomal mixed-function oxidase (MFO) system is involved in the metabolism of various chemical compounds. Polycyclic aromatic hydrocarbons are metabolized by the cytochrome P-448 enzyme System, which contains MFOs. Induction of this MFO activity may be useful as an indicator of the toxicity of the inducer material. We have successfully used a portable centrifugal analyzer equipped with an argonion laser light source to quantify cytochrome P-448 activity induced in mouse-liver microsomes by exposing the animal's skin to different doses of liquids derived from a coal-liquefaction process. The MFO activity was determined kinetically by measuring the rate at which the highly fluorescent compound, resorufin, produced by the oxidation of 7-ethoxyresorufin substrate, was formed. The 514.5-nm laser excitation beam was directed with a fiber-optic bundle from the laser to the cuvets of a specially designed rotor; emitted fluorescence was monitored at 90#{176} to the incident beam through a 560-nm cut-on secondary filter. Use of the laser excitation source allowed very low MFO activitiesto be measured: picomole quantities of resorufin could be determined. We anticipate that the increased sensitivity of the method described here will allow MFO activities to be determined in bodyfluids and skin. The biochemical system that is responsible for catalyzing the metabolic oxidation of chemical compounds is the monooxygenase or "mixed-function" oxidase (MFO) system mediated by cytochrome P-450. This system contains many protein subsets, which exhibit specificity for certain types of compounds.
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AddItionalKeyphrases
One of these subsets, which is induced by polycyclic aromatic hydrocarbons, has been referred to as an arylhydrocarbon hydroxylase (EC 1.14.14.1) or as cytochrome P-448 (or P1-450) monooxygenase (1). The activity f this system is also induced on exposure to various related materials in addition to arylhydrocarbons.
In many cases, the most potent inducers are also the most toxic (2). Therefore, evaluating the induction of this enzyme system might provide a method for quantifying a physiological response to toxic chemicals. The MFOs are found in many tissues, a major one being the liver, where much of the detoxification takes place; however, they are also found in extrahepatic tissues, including skin (3-5), blood (6), lungs (5), and even hair follicles (7, 8). Greater sensitivity is required for accurately and rapidly measuring the low MFO activity present in the more readily accessible tissues such as blood and skin, which can be sampled noninvasively. 
We used Coomassie Blue reagent concentrate (Bio-Rad
Laboratories, Richmond, CA 94804) for protein analysis (16). Bovine serum albumin was used as the standards. Figure   1 shows a schematic diagram of the apparatus used in this study. Fluorescence was measured in a centrifugal analyzer equipped with a 5-W argon-ion laser (Spectra Physics, Mountain View, CA 94042) as the excitation source. The 514.5-nm output of the laser was directed to the cuvets of the spinning rotor through a fiber-optic bundle at a 90#{176} angle to the detector.
Apparatus
The emitted fluorescence was filtered through a 560-nm cut-on (maximum transmission above 560 am) ifiter (Ditric Optics, Inc., Marlboro, MA 01752) located between the rotor and the photomultiplier tube. The fluorescence excitation and emission spectra for resorulin and 7-ethoxyresorufin (9, 13) and the light-transmission properties of the ifiter have been described (13).
We used a PDP-11V03 computer (Digital Equipment
Corp., Marlboro, MA 01752) with dual diskette drives, along with the RT-11 operating system and the high-level FCAL language enhanced by assembly language routines, to operate the analyzer and to obtain data. The computer was also used for data interpretation and calculations.
A new rotor consisting of a black, acrylic plastic center body with transparent acrylic cuvet windows was designed and fabricated to reduce interference from fluorescence and scattered light in adjacent cuvets. Buffer solution in cuvet 1 was used to correct for dark current and any background fluorescence. A standard resorufin reference solution was used in cuvet 2 for dynamic referencing (17).
Procedures

Animal treatment.
All enzyme samples were prepared from mouse livers. When we used 3-methylcholanthrene as an inducer, it was dispersed in corn oil and administered to the animals by intraperitoneal injection, in volumes equivalent to 10 mL/kg of body weight, at a dose of 25 mg per kg of body weight. The animals were killed 48 h later for the preparation of liver microsomes.
In the skin-absorption experiments, 50-L volumes of the naphtha, light-oil, and heavy-oil distillate fractions from a coal-liquefaction plant were applied individually to the skin of the animals three times a week for 50 weeks as part of a toxicology study. Doses of the three test materials were varied by using each fraction in undiluted form and then Figure 3 shows the results obtained when we used a tungsten/halogen source combined with a monochromator to determine the MFO activity in a liver microsome sample from animals injected with 3-methylcholanthrene.
The two curves correspond to different dilutions of the enzyme sample: in curves a and b, the sample contained 200 and 100 ng of protein, respectively. At these levels of enzyme activity, the data vary considerably from the calculated linear relation. RSEE= relative standard error of the estimate. RSD = relative standard deviation.
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Figure 4, curve a, shows results obtained when the laser light source was used in the analysis of an enzyme sample containing 100 ng of protein, similar to the sample used to obtain curve b in Figure 3 . The variation of the data in this case is very small. Figure 4 , curve b, shows results for a control sample of microsomes at the same protein concentration, but from animals injected with corn oil only. The activities of controls could be measured quantitatively with the laser light source when a more concentrated enzyme sample was used.
MFO Activity in Topically Treated Mice
As we expected, the MFO activities of the liver samples from topically treated mice were much less than those induced by intraperitoneal injection. However, the increased sensitivity afforded by the laser excitation source allowed specific activities of less than 1 U/g (1 tmol of resorufin produced per minute per gram of protein) to be measured accurately. does not change significantly during the monitoring period on exposure to the 514.5-nm radiation of the laser. Curve 2 shows the results obtained for an acetone-treated control animal; curves 3, 4, and 5 represent data from animals treated with light oil, napththa, and heavy oil, respectively. MFO activities were calculated from the initial slopes of the curves. The specific activities ranged from 0.2 to 0.7 U/g. The P-448 activity of the "control" samples from mice treated only with acetone ranged from 0.3 to 0.6 U/g. There was no appreciable induction of P-448 MFO activity by the naphtha (activity range, 0.2 to 0.7 U/g) and light oil (activity range, 0.2 to 0.5 U/g), as compared with acetone-treated controls, even at the higher doses. The activities of the samples from mice treated with the heavy-oil fraction ranged from 0.5 to 0.7 U/g at the lowest dose. Unfortunately, animals exposed to higher concentrations of the heavy oil did not survive the experiment; therefore, a dose response could not be measured for these concentrations. The heavy oil did produce a much higher incidence of dermatitis and neoplasms and was also found to contain a much higher content of benzo(a)pyrene.
Thus, by using a laser excitation source in conjunction with a fluorometric assay technique specific for P.448 MFO, we have been able to measure low activities (<1 U/g) in liver microsomes from animals treated topically with different coal-derived oils. The technique is rapid, with a high sample throughput, and requires relatively small amounts
